diabetes management, along with dietary and pharmacological interventions. 1,2 Current guidelines recommend that patients with type 2 diabetes should perform at least 150 minutes per week of moderate-intensity aerobic exercise and should perform resistance exercise 3 times per week. 1,2 Previous meta-analyses 3-6 demonstrated that structured exercise training including aerobic and resistance exercises reduces hemoglobin A 1c (HbA 1c ) levels by approximately 0.6%. However, only 1 previous review separately analyzed associations of aerobic exercise, resistance training, and the combination of aerobic exercise and resistance training on change in HbA 1c levels. 5 Since publication of this metaanalysis, 2 large randomized trials 7, 8 were published that reported contradictory findings regarding the types of For editorial comment see p 1808. CME available online at www.jamaarchivescme.com and questions on p 1817. Context Regular exercise improves glucose control in diabetes, but the association of different exercise training interventions on glucose control is unclear.
structured exercise associated with declines in HbA 1c levels. Sigal et al 7 found that aerobic or resistance exercise training alone improved glycemic control but the effects were more pronounced with both combined. In contrast, Church et al 8 observed that only the combination, but not aerobic and resistance training alone, reduced HbA 1c levels.
In contrast to structured exercise training, physical activity is defined as any bodily movement produced by skeletal muscle contractions resulting in increased energy expenditure. 9 Although structured exercise training may be available to a subset of patients with type 2 diabetes, physical activity advice is more feasible and should be offered to most patients with type 2 diabetes. However, meta-analyses have not been performed to determine whether physical activity advice is associated with similar declines in HbA 1c as compared with those associated with structured exercise. This study consists of a systematic review with meta-analysis of randomized controlled clinical trials (RCTs) on the associations of structured exercise training and physical activity advice, respectively, on changes in HbA 1c levels in patients with type 2 diabetes. Structured exercise training is categorized according to whether it consists of aerobic exercise, resistance training, or a combination of both.
METHODS

Search Strategy and Study Selection
We searched the following electronic databases covering the period from January 1980 through February 2011: MEDLINE (accessed by PubMed), Cochrane Central Register of Controlled Trials, EMBASE, ClinicalTrials .gov, SPORTdiscus, and LILACS. In addition, we searched the references of published studies manually. The initial search comprised the terms exercise, diabetes mellitus, physical activity, and related entry terms associated with a highsensitivity strategy for the search of RCTs, 10 and was not limited by language. The complete search strategy used for the PubMed database is shown in eBox 1 (available at http://www.jama .com). Only eligible full texts in English, Portuguese, or Spanish were considered for review. This systematic review and meta-analysis is reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. 11
Eligibility Criteria
We included RCTs that compared any category of structured exercise training (aerobic, resistance, or a combination of both) or physical activity advice with a control group of patients with type 2 diabetes older than 18 years, that evaluated HbA 1c as an outcome, and reported means or differences between means and respective dispersion values of HbA 1c at baseline and after the intervention. Structured exercise training was defined as an intervention in which patients were engaged in planned, individualized, and supervised exercise programs. Physical activity advice was defined as an intervention in which patients were partially or not engaged in supervised exercise training, but received formal instructions to exercise regularly with or without an individualized exercise prescription. Eligible studies included only individuals able to exercise, with no clinical manifestations limiting physical activity. Exclusion criteria are as follows: (1) studies of patients with type 1 diabetes or gestational diabetes; (2) RCTs that did not provide information regarding the associations of the intervention with HbA 1c in the experimental group, the control group, or both; (3) duplicate publications or substudies of included trials; and (4) studies with less than 12 weeks of follow-up.
Data Extraction
Titles and abstracts of retrieved articles were independently evaluated by 2 investigators (D.U. and P.A.B.R.). Reviewers were not blinded to authors, institutions, or manuscript journals. Abstracts that did not provide enough information regarding the inclusion and exclusion criteria were retrieved for fulltext evaluation. Reviewers independently evaluated full-text articles and determined study eligibility. Disagreements were solved by consensus and if disagreement persisted, by a third reviewer (B.D.S.). To avoid possible double counting of patients included in more than 1 report by the same authors or working groups, patient recruitment periods were evaluated and if necessary, authors were contacted for clarification. The corresponding author was contacted as needed to obtain data not included in the published report.
Two reviewers (D.U. and P.A.B.R.) independently conducted data extraction. Disagreements were solved by consensus or by a third reviewer (B.D.S.). Adherence to protocols, dropout rates, and adverse events were also extracted.
Assessment of Risk of Bias
Risk of bias was evaluated according to the PRISMA recommendation. 12 Study quality assessment included adequate sequence generation, allocation concealment, blinding of outcomes assessors, use of intention-to-treat analysis, and description of losses and exclusions. Studies without clear descriptions of an adequate sequence generation or how the allocation list was concealed were considered not to have fulfilled these criteria. Quality assessment was independently performed by 2 unblinded reviewers (D.U. and P.A.B.R) and disagreements were solved by consensus or by a third reviewer (B.D.S). The agreement rate between reviewers was =0.96 for quality assessment.
Data Analyses
Absolute changes in HbA 1c were reported as differences between arithmetic means before and after interventions. Data from intention-to-treat analyses were entered whenever available in included RCTs.
Pooled-effect estimates were obtained by comparing the least squares mean percentage change from base-line to the end of the study for each group, and were expressed as the weighted mean difference between groups. Calculations were performed using a random-effects model. Four comparisons were made with each group being compared with a nointervention (control) group: structured aerobic exercise training, structured resistance exercise training, structured combined aerobic/resistance exercise training, and physical activity advice. An ␣ value=.05 was considered statistically significant.
Statistical heterogeneity of the treatment effect among studies was assessed using Cochran Q test, a threshold P value of .1 was considered statistically significant, and the inconsistency I 2 test in which values greater than 50% were considered indicative of high heterogeneity. 13 We explored heterogeneity between studies using 3 strategies. First, we reran the meta-analyses removing each study at a time to check if a particular study was explaining heterogeneity. Second, stepwise metaregression analyses were carried out. Using univariate meta-regression models, we assessed clinical and methodological variables that influenced the association of exercise with HbA 1c levels. Likewise, similar procedures were undertaken to analyze particular variables that could explain heterogeneity in the physical activity advice metaanalysis. Thereafter, based on univariate meta-regression analyses, we constructed 4 multivariate models including baseline HbA 1c plus exercise frequency (defined as the number of exercise sessions per week [model 1]); baseline HbA 1c plus total exercise time spent in the program (defined as the cumulative product of exercise frequency, session duration, and number of weeks of training [model 2]); baseline HbA 1c plus a variable indicating total exercise time of 150 minutes or less per week or more than 150 minutes per week [model 3]); and baseline HbA 1c plus exercise intensity plus total exercise time spent in the program (model 4). Model 4 included covariates that were not significant in uni-variate regression, but were included based on clinical judgment of their importance. We evaluated the goodness of fit of each model using the adjusted R 2 , which denotes the proportion of between-study variation explained by the covariates. 14, 15 Third, we performed sensitivity analyses to evaluate subgroups of studies most likely to yield valid estimates of the intervention based on prespecified relevant clinical information and on meta-regression analyses. For the structured exercise training meta-analysis results, we used a cutoff of 150 minutes per week to stratify studies according to their weekly amounts of exercise. RCTs evaluating physical activity advice were grouped according to the presence vs absence of a simultaneous dietary recommendation.
Because some studies compared multiple exercise interventions with a single control group, we split this shared group into 2 or more groups with smaller sample sizes weighted in relation to different exercise interventions. This approach was applied in order to have reasonably independent comparisons and overcome a unit-of-analysis error for studies that could contribute to multiple and correlated comparisons, as suggested by the Cochrane Handbook for Systematic Reviews of Interventions. 13 Imputation and/or transformation methods were used for few studies that showed results as confidence intervals (CIs) or interquartile ranges. 16 Publication bias was assessed using a contour-enhanced funnel plot of each trial's effect size against the standard error. 17 Funnel plot asymmetry was evaluated by Begg and Egger tests, and a significant publication bias was considered if the P value was less than .10. The trim-and-fill computation was used to estimate the effect of publication bias on the interpretation of results. 18, 19 All analyses were conducted using Stata software version 11.0 (Stata Inc, College Station, Texas).
RESULTS
Description of Studies
From 4191 potentially relevant citations retrieved from electronic data-bases and searches of reference lists, 47 RCTs (including 23 RCTs of structured exercise training and 24 RCTs of physical activity advice) met the inclusion criteria. A flow diagram of search and selection is shown in eFigure 1. Included studies had a total of 8538 patients. Of these, 848 patients were included in studies of structured aerobic exercise training, 261 in structured resistance exercise studies, 404 in structured combined aerobic/resistance exercise training studies, and 7025 in physical activity advice studies. Characteristics of these studies are summarized in TABLE 1 and TABLE 2 .
Fifteen studies of structured exercise reported data on adherence. Of these, 14 trials reported adherence rates of more than 75%. Dropout rates were less than 20% in all but 2 of the 21 studies that reported this measure (Table 1) . Adherence rates were not reported for the physical activity studies because of lack of accuracy (ie, self-reported data and reliance on patient recall). Dropout rates were less than 20% for 19 of the 24 physical activity intervention studies ( Table 2) .
No major adverse effects were reported (eTable 1). Minor adverse events for the structured exercise interventions and physical activity interventions most commonly included cardiovascular disease events that were not related to the intervention and musculoskeletal injury or discomfort (eTable 1). One study of a physical activity intervention included a high rate of hypoglycemia. Of 47 RCTs, 30 studies did not report data on adverse events (eTable 1).
Quality (Risk of Bias) and Publication Bias Assessment
Among the included studies, 36% presented adequate sequence generation (17 of 47), 17% reported allocation concealment (8 of 47), 17% had blinded assessment of outcomes (8 of 47), 96% described losses to follow-up and exclusions (45 of 47), and 13% used the intention-to-treat principle for statistical analyses (6 of 47) (eTable 2 and eTable 3). EXERCISE, HBA 1C LEVELS, AND TYPE 2 DIABETES Contour-enhanced funnel plots and the Egger regression test suggested an asymmetry in the analysis of structured exercise training (P=.02). However, the trim-and-fill computation revealed that publication bias did not interfere with the interpretation of results (eFigure 2, panel A). Regarding physical activity advice studies, neither the Egger regression test nor the trim-and-fill computation showed any publication bias (PϾ.10) (eFigure 2, panel B).
Association of Interventions With the Primary End Point (HbA 1c )
Structured Exercise Training: Aerobic, Resistance, or Both. The overall association of any structured exercise vs control with absolute HbA 1c reduction Four articles (261 patients) demonstrated that structured resistance exercise training was associated with a decline in absolute HbA 1c of 0.57% (95% CI, −1.14% to −0.01%; I 2 , 92.5%; P for heterogeneity Ͻ.001) as compared with control.
Seven articles (404 patients) demonstrated that the combination of aerobic and resistance exercise were associated with an HbA 1c reduction of 0.51% (95% CI, −0.79% to −0.23%; I 2 , 67.5%; P for heterogeneity Ͻ.001) as compared with control participants.
In univariate meta-regression, baseline HbA 1c level, exercise frequency, total time spent in exercise during the study, and weekly exercise duration of more than 150 minutes per week or of 150 minutes or less per week partially explained heterogeneity between structured exercise training studies (eTable 4). These covariates also were significant in the multivariate metaregression models (eTable 4). Struc-tured exercise of more than 150 minutes per week (18 observations, 826 patients) was associated with an absolute HbA 1c reduction of 0.89% (95% CI, −1.26% to −0.51%; I 2 , 91.4%; P for heterogeneity Ͻ.001). Structured exercise of 150 minutes or less per week (12 observations, 687 patients) was associated with an absolute reduction of 0.36% of HbA 1c (95% CI, −0.50% to −0.23%; I 2 , 78.6%; P for heterogeneity Ͻ.001) (eFigure 3). When studies were omitted individually from the meta-analysis to assess possible individual influences on results, heterogeneity and weighted mean differences were unchanged.
Physical Activity Advice. Twentyfour articles comparing physical activity FIGURE 2) .
Covariates used in univariate analysis did not explain heterogeneity (eTable 4). Similarly, a multivariate metaregression using baseline HbA 1c and dietary recommendation (model 1) as covariates did not explain the betweenstudies variance (overall, P= .17).
In sensitivity analyses, physical activityassociatedwithdietaryadvice(12studies, 6313 patients) was associated with a 0.58% absolute HbA 1c reduction (95% CI, −0.74% to −0.43%; I 2 , 57.5%; P for heterogeneity=.007) as compared with control. Physical activity advice alone (14 studies, 712 patients) was not associated with HbA 1c changes as compared with control ( Figure 2) . When studies were individuallyomittedfromthemeta-analysis, heterogeneity and weighted mean differences were unchanged.
COMMENT
Our results demonstrate that in patients with type 2 diabetes, structured aerobic, resistance, or combined exercise training is associated with a HbA 1c decline of −0.67%. Our analyses also demonstrate that structured exercise duration of more than 150 minutes per week was associated with greater benefit (0.89% reduction in HbA 1c ) than structured exercise duration of 150 minutes or less per week (0.36% reduction in HbA 1c ). Structured exercise training was associated with a more pronounced HbA 1c reduction compared with physical activity advice. A recommendation to increase physical activity was beneficial (0.43% HbA 1c reduction), but only if combined with dietary recommendations.
This systematic review and metaanalysis of RCTs demonstrates important findings regarding the prescription of structured exercise training. First, aerobic, resistance, and combined training are each associated with HbA 1c decreases, and the magnitude of this reduction is similar across the 3 exercise modalities. Interestingly, the weighted mean difference of −0.67% in HbA 1c levels favorably compares with the decline in HbA 1c associated with the addition of noninsulin antidiabetic drugs to maximal metformin therapy. 65 Second, our findings demonstrate that structured exercise of more than 150 minutes per week is associated with greater declines in HbA 1c than structured exercise of 150 minutes or less per week in patients with type 2 diabetes. This finding is important because the current guideline-recommended exercise duration is at least 150 minutes per week. 1, 2 Although high-intensity exercise has been previously shown to have an association with HbA 1c reduction, 4 our findings did not demonstrate that more intensive exercise was associated with greater declines in HbA 1c . It is important to mention that, due to a great variability in exercise intensity descriptions, we used an intensity rating as previously reported. 5 Baseline HbA 1c was one of the variables explaining the heterogeneity between studies, which underscores the greater magnitude of intervention effects in HbA 1c among individuals with baseline HbA 1c levels of greater than 7%, when compared with those with baseline HbA 1c levels of less than 7%. 7, 8, 66, 67 To our knowledge, this is the first systematic review to assess the association between physical activity advice interventions and glycemic control. Our results showed that physical activity advice was associated with lesser declines in HbA 1c than the studies evalu- CI indicates confidence interval. Changes in hemoglobin A 1c (HbA 1c ) for individual studies included in the meta-analysis of physical activity advice vs no intervention in patients with type 2 diabetes according to the association or not of dietary intervention. Two studies provided more than 1 observation and were analyzed as distinct interventions to deliver physical activity. Weights are from random-effects analysis. a Subgroup received advice in printed material. b Subgroup received advice through a Web system. c Subgroup received advice from an individual. d Subgroup received advice in written form.
ating structured exercise training. These results are consistent with a recent RCT demonstrating that supervised aerobic and resistance exercise training were more efficacious than physical activity advice alone in achieving declines in HbA 1c . 68 This review demonstrates that physical activity advice is only associated with HbA 1c reduction when accompanied by a dietary cointervention. This highlights the need for a combined recommendation of these lifestyle interventions. Despite the fact that diet alone could improve glycemic control, most RCTs in our meta-analysis that evaluated physical activity plus a dietary intervention included a control group of a dietary intervention. Because HbA 1c reduction in type 2 diabetes is associated with improved insulin resistance, and both exercise training/physical activity and body weight reduction induced by low-calorie diets 1 have distinct mechanisms to elicit these effects, it is expected that these interventions applied together would result in greater metabolic effects. 2, 69 Therefore, patients with type 2 diabetes should receive dietary recommendations in combination with advice to increase physical activity. Taken together, these results provide important information for clinical practice. 1, 2 This study has limitations. Data extraction was unblinded, which is a potential source of bias. Additionally, high heterogeneity was identified in the meta-analyses, especially in the structured exercise training meta-analysis. To address this, we have performed analyses to identify clinical (eg, baseline HbA 1c ) and methodological differences (eg, amounts of exercise) between studies. Finally, the general quality of the studies was low, reflecting increased risk of bias in some studies. This may have contributed to the heterogeneity of our analyses.
CONCLUSIONS
Structured exercise, consisting of aerobic training, resistance training, or a combination of aerobic and resistance exercise training for at least 12 weeks, is associated with improved glycemic control in type 2 diabetic patients. Structured weekly exercise of more than 150 minutes per week was associated with greater declines in HbA 1c . Structured exercise training reduced HbA 1c to a larger degree than physical activity advice. Physical activity advice is beneficial only if associated with dietary recommendations.
